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Abstract

Genomic and proteomic efforts have discovered a complex list of biomarkers that identify human disease, stratify risk of disease

within populations, and monitor drug or therapy responses for treatment. Attention is needed to characterize these biomarkers and

to develop high-throughput technologies to evaluate their accuracy and precision. Telomerase activity is correlated with tumor

progression, indicating cells that express telomerase possess aggressive clinical behavior and that telomerase activity could be a

clinically important cancer biomarker. Traditionally, the detection of cancer has involved invasive procedures to procure samples.

There is a need for less invasive approaches suitable for population- and clinic-based assays for cancer early detection. Esophageal

balloon cytology (EBC) is a low-invasive screening technique, which samples superficial epithelial cells from the esophagus. Since

telomerase activity is absent in superficial cells of normal esophageal squamous epithelium but is often present in superficial cells

from dysplastic lesions and ESCCs, measuring telomerase activity in EBC samples may be a good way to screen for these lesions.

The development of rapid real-time telomerase activity assays raises the possibility of extending such screening to high-risk

populations. In this study, we evaluate the feasibility of using rapid Real-Time Telomerase Repeat Amplification Protocol

(RTTRAP) for the analysis of NIST telomerase candidate reference material and esophageal clinical samples. The telomerase

activity of eight EBC samples was also measured by capillary electrophoresis of RTTRAP products, RApidTRAP, and hTERT

mRNA RT-PCR assays. These findings demonstrate the feasibility of using the RTTRAP assay in EBC samples and suggest that

individuals from high-risk populations can be screened for telomerase activity.
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1. Introduction

The development of biomarkers, their validation and

translation to clinical application is becoming increas-

ingly important for the diagnostic community [1].
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The search for cancer-associated molecules has led to

the discovery of many molecular markers associated

with clinical outcome [2,3]. Among more than 100

validated cancer biomarkers, telomerase is unique [4].

Telomerase activity is the single most common cancer

biomarker, detected in 80–90% of cancers [5–15]. In

some tissues, telomerase activity was detected at the

preneoplastic or in situ stage, suggesting that telomer-

ase activity measurements have potential for early

detection applications and telomerase is increasingly

being considered as a target for cancer prevention and

therapeutics [16]. In other cases, telomerase activity

increased with cancer progression, suggesting that

telomerase activity measurements could function as a

prognostic indicator of patient outcome.

Esophageal cancer is the sixth leading cause of

cancer death worldwide [17]. Most cases occur in

developing countries, are squamous cell carcinomas

and are diagnosed at an advanced stage when therapy

with curative intent is not possible. There is great

interest in the development of a primary screening test

to identify patients with premalignant or early

malignant disease, which could be more readily

cured. Studies from our group have demonstrated that

squamous dysplasia is the precursor lesion for

esophageal squamous cell carcinoma (ESCC) [18]

and that these lesions can be observed during

endoscopy with Lugol’s iodine staining [19], but

endoscopy is too invasive and too expensive to serve

as a primary screening exam even in very high risk

populations. Previous efforts to develop a less invasive

and more cost-effective primary screening test for

ESCC have focused on EBC, a process analogous to a

pap smear, but to date this technique has had

insufficient sensitivity for detecting squamous dyspla-

sia and cancer [20]. It is evident that molecular high-

throughput approaches are needed to develop a more

sensitive, less invasive and objective test for mass

screening of high-risk populations. Telomerase activity

and hTERT mRNA appear to be absent in the outer

epithelial layers of normal esophageal squamous

epithelium, but they increase in preneoplastic lesions

and squamous cell carcinomas [21,22], so they may be

useful markers in a molecular screening test for these

lesions and they may improve the clinical utility of

EBC exams. Advances in molecular biology have

provided a greater understanding of cancer progression

including the use of biomarkers of early detection and

risk assessment [23]. Automated and high-throughput

assays and reference materials have recently advanced

the utility of telomerase as a diagnostic for such early

detection [24,25].
Early detection of disease is a major focus by which

to improve outcomes for patients with solid tumors

[3,26,27]. Further, biomarker discovery and validation

is in great demand by the pharmaceutical and

healthcare industries. High-throughput [28] and global

scanning [29] methods that are low-cost and reliable

clinical platforms are essential to analyze large cohort

studies, which can statistically validate potential DNA,

RNA and protein biomarkers for early detection assays.

Standardized controls or reference materials will be

essential for the acceptance of data collected from these

new technology platforms by regulatory agencies.

In partnership with the National Cancer Institute’s

Early Detection Research Network (EDRN), the

National Institute of Standards and Technology

(NIST) evaluates analytical methods for the validation

of biomarkers associated with the detection of cancer

and optimizes high-throughput technologies for clinical

applications [28–31]. The mission is to validate

biomarkers for reliable results and demonstrate proof-

of-principle of their translation into clinical appli-

cations. Then, private sector or other government

agencies can promote the use of the biomarkers and

clinically relevant technologies in clinical trials and can

incorporate NIST standards and guidelines to establish

a diagnostic.

The combination of less-invasive collection tech-

niques such as EBC and rapid diagnostic assays are

central components for population screening [32]. It is

critical that populations at-risk for cancer have a real-

time based assay. Although automated TRAP assays

have been developed, many difficulties with TRAP

assays have prevented their wide acceptance in clinical

settings. Several drawbacks include: TRAP assays are

multi-step, time-consuming, and require extensive

post-PCR processing to determine if the potential

cancer sample has signal greater than the negative

control and activity comparable to the positive control.

These problems have been resolved with real-time

TRAP assays.

Recently, we reported the development of a

fluorescent-based, real-time assay to measure telomer-

ase activity [24]. This one-step procedure simplifies the

TRAP assay. RTTRAP is less cumbersome, maintains

high-throughput, and obviates the need for extensive

post-PCR processing. Further, RTTRAP compressed

the assay time to 1 h as compared to at least 10 h with

traditional protocols [24,33]. In the current study we

measured the telomerase activity of eight EBC speci-

mens from a population at high risk for esophageal

cancer and we compared these activity measurements

to the number of hTERT mRNA transcripts and to other
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TRAP methods. Our findings suggest potential for

RTTRAP techniques in telomerase-based primary

screening assays using similar samples.
2. Materials and methods*

*Certain commercial equipment, instruments, materials, or

companies are identified in this paper to specify adequately

the experimental procedure. Such identification does not

imply recommendation nor endorsement by the National

Institute of Standards and Technology, nor does it imply that

the materials or equipment identified are the best available for

the purpose.

2.1. Esophageal balloon cytology samples

Balloon cytology sampling of the esophagus was

performed in Linxian, China, as previously described [20].

The sampling was approved by the Institutional Review

Boards of the Cancer Institute of the Chinese Academy of

Medical Sciences and the US National Cancer Institute, and

each patient signed an informed consent before the procedure.

Before the examination, the patients were given a 2% lidocaine

slurry by mouth for local anesthesia. The deflated mesh-

covered balloon was then passed through the esophagus into

the stomach, where it was inflated with 20–30 ml of air and

then pulled back up the esophagus. At 18 cm from the incisor

teeth, the balloon was deflated and withdrawn. After removal,

the balloon was placed in 40 ml of saline in a 50 ml centrifuge

tube, vortexed to remove adherent cells, and discarded. The

cell solution was centrifuged, the supernatant discarded, and

the pellet snap-frozen and stored in liquid nitrogen. The frozen

pellets were transferred to NCI for further evaluation.

2.2. Cell culture for telomerase candidate reference material

Stock cultures of A549 cells (ATCC, Manassas, VA,

USA) were grown as previously described using standard

laboratory techniques [28,34].

2.3. Preparation of total RNA

Total cellular RNA was extracted from A549 cells as

previously described using a modified phenol procedure

[28,34]. The cells were centrifuged and the resulting pellet

was resuspended in 750 mL of TRIzol per 5!106 cells. The

concentration of total RNA was calculated based on OD260

measurements as a means to address RNA yield only. The

spectrophotometric value for the total RNA was divided by

the number of cells used in the extraction to determine the

amount of RNA per cell. The coefficient of variation was

greater for the O.D. measurement of total RNA (CVZ71%)

than for real-time PCR (CVZ27%). The hTERT mRNA

amount per cell was taken directly from the real-time PCR

results.
2.4. Measurement of hTERT mRNA

The RT-PCR assay for hTERT mRNA, the transcript that

encodes for the catalytic subunit of the holoenyzme

telomerase, has potential for cancer detection from bodily

fluids and paraffin embedded archived samples. Because the

balloon cytology specimen was processed to obtain DNA,

RNA, and cell extracts in parallel, we measured the level of

transcript abundance from the same subjects. The number of

hTERT mRNA molecules was determined by real-time RT-

PCR as previously described using the LightCycler Telo-

TAGGG kit from Roche Molecular Biochemicals (Indiana-

polis, IN) [28]. RNA was converted to cDNA and specific

gene primers were used to amplify hTERT mRNA as its full-

length product. Melting curve analysis confirmed the

amplification of one pure product. Quantification of the

product was obtained by extrapolating the data against a

standard curve run in triplicate. Human porphobilinogen

deaminase (PBGD) mRNA was chosen as the housekeeping

gene. RNA molecules from telomerase positive cells (A549)

were detected from 100,000 to a lower limit of 10 cells.

Dilutions of 1 cell equivalent did not contain a detectable

product. The Linxian clinical samples were normalized to

20 ng/ml of total RNA before being measured by RT-PCR.
2.5. The TRAP assay system

Amplified products were generated by the TRAP assay as

previously described using the following protocol [24,28].

The Linxian clinical samples were normalized to 18 mg/mL of

total protein and serially diluted to 1 ng/mL before analysis

by TRAP/PCR methods. Clinical samples may contain

inhibitors of telomerase activity. These inhibitors can vary

depending on the clinical sample. It is therefore difficult to

prescribe an optimal dilution, but instead samples should be

compared in a wide range of dilution. Hence, serial dilutions

are recommended.
2.5.1. Telomerase extension reaction

Two microlitres of cell lysate is added to 23 mL of a

solution containing 1! PCR buffer, 200 mmol/L 2 0-deoxy-

nucleoside 5 0-triphosphates (dNTP’s, 50 mmol/L each), and

200 ng of the telomerase substrate (TS primer). The solution

is incubated at 30 8C for 30 min.
2.5.2. PCR amplification step

To the extension reaction is added 25 mL of a solution

containing 1! PCR buffer, 200 mmol/L dNTPs, 3.75 units

Taq polymerase, 100 ng of the reverse CX primer. PCR for

the TRAP assay was carried out in a Perkin Elmer 9600

Thermal Cycler using the following program: 95 8C for

15 min; 36 cycles at 94 8C for 30 s, 58 8C for 30 s, 72 8C for

30 s; 72 8C for 5 min; 4 8C hold.
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Primer sequences

CX primer: 5 0-CCCTTACCCTTACCCTTACCCTAA-3 0.

TS primer

5 0-AATCCGTCGAGCAGAGTT-3 0. Fluorescently-

labeled TRAP PCR products were produced using equivalent

amounts of HEX (4,7,2 0,4 0,5 0,7 0,-hexachloro-6-carboxyfluor-

escein), 5 0 end-labeled TS and unlabeled CX primers

(PE/Applied Biosystems).

The TRAP/PCR was automated as previously described

using the MWG RoboSeq SE 4204 [24]. This ‘RApidTRAP’

system allowed a more efficient method for consistent high-

throughput measurements [28]. The program used solution

volumes sufficient for multiple determinations in the 96-well

plate format.

2.6. Real-time TRAP assay

2.6.1. TRAP extension reaction

One microlitre of cell lysate, containing a specified

number of cells or total protein concentration, was added to

23 ml of a solution containing 1! PCR buffer (Qiagen,

Valencia, CA), 200 mM dNTP’s (50 mM each), and 200 ng of

the telomerase substrate (TS primer). The solution was

incubated at 30 8C for 30 min.

2.6.2. Real-time PCR

Real-time PCR was performed after the first step of the

TRAP extension reaction. To the extension reaction is added

10.9 ml of solution containing 10 ml of IQ Supermix (BioRad,

Hercules, CA), 0.1 ml (100 ng) of the reverse CX primer and

0.8 ml of (30 uM)Taqman FAM/TAM-labeled probe. Fluor-

escence was detected in real-time using the Bio-RAD iCycler

iQ Real time PCR Detection System (Bio-Rad) using the

following program: 95 8C for 2.5 min; 50 cycles at 94 8C for

30 s, 58 8C for 30 s, 72 8C for 30 s; 4 8C hold.

2.6.3. Primer and probe sequences

TS: 5 0-AATCCGTCGAGCAGAGTT-3 0;

CX: 5 0-CCCTTACCCTTACCCTTACCCTTAA-3 0;
Table 1

Comparison of telomerase activity, CE peak area, and hTERT mRNA mea

Sample Telomerase

(RTTRAP) Ct

SD CE of RTTR

products pe

area

738 12.2 1.4 100

740 10.9 1.0 166

082 9.7 0.4 407

130 12.5 1.4 121

212 15.3 2.0 23

346 14.4 1.5 23

893 11.8 1.1 162

419 21.1 4.0 23

Cancer cRM 10.7 0.5 175
TaqMan (probe): FAM 5 0-CCCTTACCCTTACCCTTA-

3 0 TAM.
2.7. Capillary electrophoresis measurements

Fluorescently-labeled RTTRAP and RApidTRAP PCR

products were analyzed by capillary electrophoresis as

previously described [28] by combining 1 mL of PCR product

with 10.5 mL deionized formamide, and 0.5 mL of ROX-

500—labeled internal size standard (PE/Applied Biosystems).

Separations were performed using the PE/Applied Biosys-

tems Model 3100 multicapillary instrument using the

PE/Applied Biosystems GeneScan capillary array (50 cm !
50 mm) and the POP4 polymer system as described previously

[24,28]. Samples were electrokinetically injected (10 s,

15 kV) and separated at 5.0 kV at a temperature of 60 8C.

The amount of extension product (incorporated primer) was

calculated for each sample as the total summed area of labeled

peaks corresponding to the extension products.
3. Results

In this study, we evaluated the telomerase activity of

cell extracts recovered from balloon cytology as a

potential less-invasive diagnostic tool. The telomerase

activity of each cell extract was measured by RTTRAP

and also measured across several different TRAP

technologies and platforms. TRAP methods, RApid-

TRAP and hTERT mRNA measurements, indepen-

dently confirmed the results obtained from RTTRAP.

Table 1 shows the characterization of the clinical

samples using Real-Time detection, capillary electro-

phoresis (CE) of the RTTRAP products (telomeric

repeats), and hTERT RT-PCR mRNA quantification.

The standard deviation for the RTTRAP measurements

ranged from 0.4 to 4 (CV% 4–16%). The standard

deviation for the CE measurements ranged from 5 to 46

(CV% 11–21%). The standard deviation for the hTERT
surements

AP

ak

SD Telomerase

hTERT mRNA

copy number

SD

14 144 15

28 97 11

46 762 37

16 163 15

5 61 9

5 58 11

22 246 26

5 22 6

18 490 14



Table 2

Telomerase activity of A549 cell lysate measured by RApidTRAP

Concentration cell equivalents Activity total peak area

Blank 24.05

1 26.23

10 27.87

100 34.88

1000 64.83

2000 101.0

10,000 119.9
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mRNA measurements ranged from 6 to 37 (CV% 1.7–

27%). A standard curve of telomerase activity using

the RApidTRAP system and the A549 candidate

reference material is shown in Table 2. As previously

shown, the activity (total peak area) is linear in the

range of about 1–1000 cell equivalents.

Fig. 1 shows results of real-time TRAP analysis of

telomerase activity contained in eight EBC cell

samples. The average Ct values are plotted with their

standard deviations. Sample 82, with high telomerase

activity, was detected early in the assay, whereas

samples 212 and 419, with little or no telomerase

activity, were detected later. The no-template control

did not display a signal even after 50 cycles, as

expected.

The results of RTTRAP were confirmed by capillary

electrophoretic analysis of the RTTRAP synthesized

telomeric amplicons (Fig. 2). The expected TRAP

ladder of extension products ranged from 40 to 150 bp

at characteristic 6 bp intervals. In addition, the

measured hTERT mRNA concentration indicates a

correlation with abundant hTERT mRNA and telomer-

ase activity. Fig. 3 shows the results of the hTERT

mRNA analysis of the same samples analyzed by

RTTRAP and multi-capillary electrophoresis. When

the activity and the hTERT copy number are compared,

samples with high concentrations of hTERT mRNA,

sample 82, possessed strong telomerase activity and

samples that had low hTERT mRNA copies, sample

419, possessed weak telomerase activity. Overall, the

four different platforms ranked the samples quite

similarly by telomerase activity and mRNA copy

number (Table 3).
Fig. 1. Real-time inverse plot of RTTRAP Ct results. The average Ct

scores for the balloon cytology samples and the telomerase candidate

reference material are plotted with their standard deviations. Because

real-time assays display samples with a higher concentration of analyte

as a smaller Ct, inverse values are given to illustrate the data in the same

orientation as is shown in Fig. 4. Points closer to the top of the plot

indicate strong telomerase activity, whereas lower results indicate weak

or no telomerase activity. cRM represents the telomerase candidate

reference material.
4. Discussion

In this study, we evaluated telomerase activity and

hTERT mRNA in samples obtained by EBC in a

population at high risk for ESCC. This was an initial

step in evaluating the feasibility of screening for

esophageal precursor lesions and early ESCC based
on telomerase activity. The telomerase activity of each

sample was measured in parallel by a new real-time

TRAP assay (RTTRAP) and by other telomerase

technologies and platforms. The RApidTRAP and

hTERT mRNA measurements were concordant with

the results obtained by RTTRAP.

The clinical community and patient advocacy

groups have been asserting the need for rapid analysis

of potentially cancerous tissues obtained using less-in-

vasive procedures. Over the last few years, the role of

biomarker analysis has been changing from that of an

ancillary diagnostic technique to that of a stand-alone

diagnostic method [35]. There is also growing

sentiment that there already are effective biomarkers,

but that they have only been exhaustively evaluated for

use on end-stage cancer and not for early detection.

Prominent among biomarkers is the use of telomerase

activity as a potential diagnostic for cancer. Although

TRAP assays and subsequent improvements have been

validated as accurate technologies for the detection of

telomerase activity, all remain cumbersome and require



Fig. 2. Multi-capillary electrophoretic analysis of RTTRAP telomerase-generated amplicons (T2AG3 extension products). The processivity and

relative amount of telomerase was compared for each sample. The assay was performed using fluorescent labeled primers as described previously

[24]. The green peaks represent the T2AG3 aggregates generated by the inherent telomerase concentration present in the sample. The extension

products ranged from 40 to 150 in 6 bp uniform increments. Red peaks represent DNA size markers (ROX 500), with the exception of some

crossover pullup below 75 bp. Electropherograms were produced for separate RTTRAP reactions using the ABI 3100 multi-capillary instrument.

Samples that contained extension products larger than 40 bp in size were considered to be telomerase positive. Samples 738, 740, 82, 130, 893, and

the cRM have a uniform ladder of TRAP/PCR products. Products 40 bps and smaller are due to primer–dimer adducts between the TS and CS

primers, as expected.
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rather complex post-analytical data processing prior to

interpretation of sample results. The traditional TRAP

assay was automated to decrease sample analysis

time, address reproducibility and facilitate statistical
Table 3

Sample ranking across methods of detection

Method Rank 1 Rank 2 Rank 3

RTTRAP 82 740 893

CE of RTTRAP products 82 740 893

RApidTRAP 82 740 130

hTERT 82 893 130
analysis of large numbers of cohort samples to

determine the association of cancer and telomerase

activity [28]. To simplify the cumbersome post-PCR

processing of RApidTRAP, we [24] and others [36–39]
Rank 4 Rank 5 Rank 6 Rank 7 Rank 8

738 130 346 212 419

130 738 346 212 419

893 212 346 738 419

738 740 212 346 419



Fig. 3. RT-PCR of hTERT mRNA. The y-axis represents the relative ratio of fluorescence between the reference channel and the sample channel.

Curves s1–s5 represent the concentration of hTERT transcript detected from the RNA standards. Commercial standards were used to quantify the

number of hTERT mRNA molecules (representing 1.28!106, 1.05!105, 1.07!104, 1260, and 190 molecules, respectively). For clarity, sample

triplicates are not shown. Increasing to decreasing number of hTERT molecules were observed; 082 (762 hTERT/uL), 893 (246 copies/uL), 130

(163 copies/uL), 738 (144 copies/uL), 740 (97 copies/uL), 212, (61 copies/uL), 346, (58 copies/uL), 419 (22 copies/uL). Curves 1–8, represent

samples 82, 893, 346, 740, 212, 738, 130, and 419, respectively.
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have developed real-time TRAP assays. Further,

a telomerase candidate RM has been developed to

normalize telomerase activity measurements [24].

The RTTRAP method is based on the traditional

TRAP/PCR reaction and incorporates the same primer

strategy. The issues with respect to template quality,

probe design, and reaction optimization still apply.

Detection of the TRAP/PCR products in real-time can

be accomplished by the use of labeled primers or DNA

dyes. Unlike other real-time TRAP variations,

RTTRAP uses a hydrolysis styled probe, FAM-5 0-

CCCTTACCCTTACCCTTA-3 0-TAM. After duel

labeled probe hybridization and degradation by the

exonuclease activity of the polymerase, the reporter

fluorescence increases proportional to the amount of

template. Other real time TRAP variations have used

intercalating agents (SYBR Green) or molecular

beacon styled probes [33,37]. Real-time variations of

the TRAP assay provide a numerical output, high-

throughput, and when combined with automated

reagent handling, provide rapid analysis. The real-

time adaptation of TRAP incorporates specific fluor-

escent labeled probes in the PCR reaction, which bind

to the telomerase synthesized telomeric repeats. The

number of telomeric repeats (and hence, the amount of

telomerase activity present in the sample) is determined

by the fluorescence produced during the extension step

of each cycle. The use of different probes, Taq-Man

(hydrolysis) or molecular beacons (hairpin), or inter-

calation of fluorescent dyes, demonstrate that real-time

TRAP assays are robust tools to quantify telomerase.
To extend the collaborative-interagency effort

between NIST, EDRN and principal investigators at

the NCI, four key aspects of cancer diagnostics were

united into a pilot study: (1) Use of a most common

cancer biomarker (telomerase); (2) Rapid sample

analysis (real-time TRAP); (3) Specimens isolated

from a population at risk for a common cancer; and (4)

Less-invasive sample collection. The results encourage

us to pursue real-time measurements of telomerase

activity as a potential primary screening assay for early

ESCC and its precursor lesions.

Increased expression of telomerase occurs in dysplas-

tic esophageal tissue prior to tumor invasion [40,41],

which suggests that increased telomerase activity and/or

hTERTexpressionmaybegoodmolecularmarkers to use

in primary screening studies and early detection. In this

study, we evaluated RTTRAP with a candidate cancer

RM and demonstrated that individuals from an at-risk

population can be screened for telomerase activity by a

simplified, high-throughput RTTRAP assay. Although

our pilot study is small, we identified samples with

telomerase activity both greater than and less than our

candidate cancer reference material. The reference

material will be further characterized for use as a NIST

Standard ReferenceMaterial via an interlaboratory cross-

validation.

The candidate reference material had strong telo-

merase activity, as expected [28]. This was supported

by the Ct score (Fig. 1), the number of T2AG3 extension

products (Fig. 2) and the abundance of hTERT mRNA

(Fig. 3). Sample 82 possessed equivalent telomerase



Fig. 4. Comparison of telomerase activity and hTERT mRNA

measurements. There is a correlation between telomerase activity

(solid bars) and the amount of cellular hTERT mRNA (textured bar).

The copy number of hTERT was taken directly from RT-PCR

measurements. The telomerase activity (total peak area) was obtained

from automated CE measurements. The ratio is expected to vary

between different tissue types. Sample numbers 1–8 are samples 738,

740, 82, 130, 893, 212, 346, and 419, respectively.
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activity and hTERT mRNA copy number. The TRAP

measurements indicate that samples 212, 346, and 419

have no detectable telomeric repeats and are telomerase

negative samples (Fig. 2). Although, samples 212, 346,

and 419 have a detectable level of hTERT mRNA, it

apparently is not sufficient to establish a robust

telomerase activity (Figs. 2 and 3, respectively). The

samples were ranked according to the degree of

telomerase detected by the different detection methods

(Table 3). Variations in the sample ranking, as observed

in Row 4 (hTERT), which ranks the samples according

to the number of mRNA transcripts, in general

correlates well with increasing amounts of telomerase

activity. However, the relationship between mRNA

copy number and telomerase activity is dependent on

the translation to the active telomerase protein. Hence,

a difference in the ranking result is not surprising.

Variations in the ranking results of RApidTRAP, also

follow the trend of increasing telomerase activity.

However, because RApidTRAP is a multistep assay

and involves calculating the areas under the curves, the

percent error is greater. This is not surprising and error

rates as great as 20%, which may explain the

differences of samples measured across platforms,

have previously been reported [28]. The most consist-

ent values obtained are the results of RTTRAP and the

analyses of the real-time PCR products by capillary
electrophoresis. A direct and quantitative determination

of telomerase protein (anti-telomerase antibody or mass

spectrometry) rather than a total protein assay would

help to confirm this. A larger study is currently being

designed to evaluate whether the RTTRAP assay can

separate individuals with biopsy-proven squamous

dysplasia or ESCC from those without this disease

and to define an optimal threshold for making this

distinction.

To illustrate the relationship between the telomerase

activity and hTERT message abundance, we plotted

both analyses in Fig. 4. This is particularly important in

evaluating whether changes observed in telomerase

activity are due to physical changes in the telomerase

molecule or because of changes in the mRNA

expression. The ratio of telomerase activity to hTERT

abundance is expected to vary between different tissue

types. This ratio is a measure of the status of telomerase

in the cell and at low telomerase levels, helps to confirm

its presence. This is consistent with previous RApid-

TRAP analyses [28] where a correlation was observed

between hTERT mRNA and telomerase activity.

Our data demonstrates that cancer associated

biomarkers can be measured in about 1 h (20 min

RTPCR, 20 min data analysis, etc.) in samples from

individuals of at-risk populations, representing a

significant time savings. Moreover, a positive signal

can be detected in a few minutes, because, as with all

real-time assays, it is not necessary to wait for the entire

reaction to reach completion (50 PCR cycles). In the

future we intend to define an operating characteristic

curve to demarcate the proper threshold that categorizes

individuals with and without disease.

RTTRAP has promise to function as a primary

assay to triage individuals into at-risk groups and may

prove useful for risk stratification and surveillance

strategies. Further, RTTRAP is based on a real-time

PCR method, which is a clinically accepted technol-

ogy. Validation studies using other population sets

will be necessary to authenticate its use for cancer

screening.
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